I. Introduction
Modern educational systems have to deal with the increasing number of students diagnosed with Autism Spectrum Disorders (ASD) (Escobedo et al., 2012) . The term ASD refers to a permanent disability which is usually identified in childhood and affects major developmental aspects, like communication and interaction with other people (Autism.Society). According to Wang and Cloud the three basic aspects that people with ASD present difficulties are: a) reciprocal social engagement, b) reciprocal communication and c) flexible regulation of self-behaviour and interest (Mintz, 2013; Wing & Gould, 1979) .
The abovementioned lead to the conclusions that traditional teaching methods, such as face-to-face instructions where everything is controlled by the teacher, fail to offer the proper possibilities for enhancing the interests and abilities of students with ASD (Nincarean, Alia, Halim, & Rahman, 2013; Olney, 2000; Tomi & Rambli, 2013) . One of the most recent technological advances that starts to be used for providing intervention to individuals with ASD is Augmented Reality (AR) (Wainer & Ingersoll, 2011) , a technology that enables users to see and experience the real world mixed with various virtual objects, without losing the sense of reality (Cuendet, Bonnard, Do-Lenh, & Dillenbourg, 2013; Fonseca, Martí, Redondo, Navarro, & Sánchez, 2014). AR as a technological tool, can be, as Vygotsky and Luria quoted, a "compensatory mechanism" and a psychological tool that can "transform…natural abilities into higher mental functions…" (Farr, Yuill, & Hinske, 2012) . Researchers have started to apply AR to the education and training of students with ASD. However, despite the fact that AR tools are now affordable, their deployment in real conditions is non-existent (Prieto, Wen, Caballero, & Dillenbourg, 2014 ). This literature review will examine studies that have used AR for direct intervention on people with ASD. It must be mentioned though that since the incorporation of AR in education (both regular and special) is in its infancy, this literature review will provide a review of the few initial studies that exist. 2
III. Literature Review Method
Articles examining the use of AR for individuals with ASD were collected mostly through the Science Direct, ieee Explore, PsychINFO and PubMed databases. Search terms included ASD, Autistic Spectrum Disorders, Autism, Asperger's Symptom along with the term Augmented Reality. Also, some articles were found from the list pf references from the abovementioned articles. The selected articles fulfill the following criteria:
ibe the AR system they propose, -2016
IV. Results
In total, 10 studies related to the use of AR for teaching mainly social skills, emotion recognition and other skills like cognitive activities and also facilitation of teachers of children with ASD, were selected for this literature review. These articles ca be found in Table 1 along with information. It must be mentioned that due to the fact that this field is new and few studies have been undertaken the number of the presented articles is quite small. Also, the main focus of the study is from 2012-2016 since this is the state-of-art in this field. A usability study was performed with 4 typically develop children aged between 10-15. Participants' after playing the games had to answer a questionnaire. Results shown that they found the games easy to follow and they reported no difficulties in understanding the instructions or the language (simple English), while older participants also stated that using objects from their environment was exciting. Also, especially the Happy Minion Game was found to be more engaging since there was a score tracking system. But, since the study group was parted from typically developed children, they found both games repetitive (Bhatt, De Leon, & AlJumaily, 2014).
Results from the study indicate that the games have the potential to improve the social skills and handeye coordination of children but further research is mandatory in order to extend these assumptions to children with ASD. Also research should be done for improving the quality of the games and also both games have to be tested on children that have been diagnosed with ASD. Because the presented studies are exploratory in nature it is not possible to draw definite conclusions about the effectiveness of AR in improving the social skills of individuals with ASD and how they will be able to apply these skills in everyday life. Also, since social skills demand interaction with other people it is not easy for a technology to replace this demand. Finally, more research on AR intervention should be done, in cooperation with other programs, in order to better evaluate its effectiveness in improving the social skills of people with ASD.
Emotion Recognition
ASD is characterized by difficulty in understanding the emotional and mental state of others (Benson, 2016) . Emotion recognition training is something that can help people with ASD in improving their skills in this area. This section is parted from three articles that propose the use of AR for this particular purpose. Chen, Lee and Lin (2015) investigated the use of an AR-based self-facial model (ARSFM) in teaching emotional recognition skills to adolescents with ASD. This program was designed with the use of an augmented mirror through which users' could see themselves with 3-D visual expressions, and choose according to the described story. Three children with ASD took part in the study, ranged from 10 to 13 years old. A therapist conducted the sessions and helped participants throughout the three phases of the experiment (baseline, intervention and follow up phase) in the baseline phase therapists asked the participants to choose of the 6 basic emotional expressions that describes better the presented scenarios. During the intervention phase the ARSFM system was implemented and the follow up phase was conducted 2 weeks after the previous phase in order to determine whether participants were benefited from the application.
Results from the study show that this learning system can facilitate the emotional recognition teaching of children with ASD. Furthermore, the correct assessment rates of all participants raised significantly, more than 60% in intervention phase and remained 50% in the follow up phase compared with baseline phase. Also the ARSFM system helped participants in staying focused during therapy and according to their parents it improved their social skills and enabled them to express and understand feelings easier (Chen, Lee, & Lin, 2015) . Nonetheless, further research is required with involving more participants, since the initial one had only 3, for generalizing the results. The same research team in 2016 created and AR video-modeling storybook (ARVMS) for improving the perception of emotions and facial expressions to children suffering from ASD. This program utilized 20 videos that portrayed aspects of everyday life, a storybook related to the videos and AR for combining these two (by scanning with a device the story book access is permitted to the videos). Vuforia platform was used for creating the AR interface. Consistent reinforcement and help were provided throughout the experiment from therapists that also evaluated the performance of each individual and asked questions related to the emotions and facial expressions presented in each video. In total 6 children with ASD, ranging from ages 11 to 13, took part in the study. They followed the three phases of the program and afterwards the following results were extracted. The first phase, baseline, was used for collecting data related to the participants, the second one, intervention, was the phase were 7 the ARVMS model was implemented and the last phase of maintenance which took place 4 weeks after the second, was for assessing the performance of the participants. During and after the intervention phase participants presented significant raising in their scores in understanding the emotions presented in the storybook (baseline: 30-53-5%, intervention: 93.5-98.57%, maintenance: 86.66-94.28%). (Chen, Lee, & Lin, 2016) These results indicate that the ARVMS learning system can be proved useful for teaching individuals with ASD how to recognize and understand emotions and facial expressions of other people. AR made teaching students with ASD more interactive, interesting and efficient that traditional methods, but it should be further tested in a greater scale with more participants of all age groups for having more reliable results. Brandao, Vuhna et al. (2015), developed an AR GameBook for assisting children with ASD in recognizing and acquiring emotions. This application was based on a book-style serious game that facilitates children in interacting with other people and practicing their social skills. The GameBook presents the story of Tobias, as he visits the zoo. It describes five scenarios that enable students to interact with the introduced characters and learn facial expressions, which afterwards have to use according to each situation. The application can be played by any mobile device with camera and with access to an online server and . AR applications can be effective for familiarizing children with ASD syndromes with emotions, but it is uncertain whether they will be able to incorporate this knowledge in real life. It may be possible that an interactive technology, like AR, is not appropriate for individuals with ASD emotion recognition teaching (Baron-Cohen, 2000). Results from the abovementioned studies though indicate that students with ASD can be benefited from the use of AR in this field. Nevertheless, additional research is something necessary in order to fully understand the exact effects of AR in teaching emotion recognition to people with ASD.
Other Fields
Apart from social skills and emotion recognition, people with ASD syndromes present difficulties in many other aspects of their life, like acquiring skills, playing and also in education (Benson, 2016; Escobedo et al., 2012) . In this section three articles are presented related to the use of AR for facilitating children with ASD for problems like the abovementioned. In 2012, Casas, Herrera, Coma and Fernadez created an AR system for teaching key developmental abilities to individuals with ASD. The system was designed in the form of an augmented mirror, where users can see themselves augmented with virtual objects. The main purpose of the application was to help people with ASD to develop their self-awareness and also to improve their critical abilities. In order to do so, researchers use a Pictogram Room along with Kinect and combined them with a PC, a projection system and speakers. The system has two roles, an educator and a student. Educators select activities that the child should perform and provides instructions and explanations. Both roles are presented in the augmented world by virtual puppets along with virtual objects, according to the activity. For evaluating the application, researchers undertook two tests, one with typically developed children and one with children that have been diagnosed with ASD. For the first experiment 22 children participated between 3 to 4 years old. They performed 4 activities related to moving and touching and then the educators noted their performance. All participants from this group were able to perform the activities, although some of them needed more explanations. The second group consisted of 5 children with ASD. The majority of them, 3 out of 5, managed to calibrate (stay still for few seconds) and use the system, while the other 2 presented difficulties (Casas, Herrera, Coma, & Fernández, 2012). 8 Overall, the few findings from these initial studies suggest that this Kinect-based AR system can be used from children with ASD. However, lack of a bigger scale research and more detailed results make mandatory the conduction of more studies with greater number of participants. Bai, Blackwell and Coulouris (2013), proposed an AR system for encouraging pretend play to children with ASD. This system was designed based on the metaphor of a mirrored view of reality enriched with AR augmentations. The chosen play theme was vehicles, since children with ASD tend to present great interest in this field. Also, it compromises three play scenes, each one, integrated three augmentations for encouraging more complex play behaviors (e.g. spontaneous engagement, develop of more complex play ideas and mixing non-augmented toy to the play scenarios). The prototype was tested via a pilot study with 4 normally developed children, aged from 4 to 5, and confirmed that the hand-eye coordination in this age is sufficiently developed for using this system. Afterwards, the main study was conducted, with 12 children diagnosed with ASD syndromes, from 4 to 7 years old. After getting familiarized with the system, participants used the program and answered a questionnaire related to its use. Also, participants' parents were asked to complete a questionnaire in order to collect more feedback for evaluating the application. The main results showed that the frequency of pretend play, while using the system, was higher, while constructive play was more frequent in the non-AR condition. The same results applied for the play duration. Parents stated that were more engaged and showed more enjoyment when using the AR system. Finally, the mean percentage of total relevant actions was higher when AR was used (t test: t(9)=2.84, p<0.05) (Bai, Blackwell, & Coulouris, 2013). The above presented results suggest that there is a positive effect in the duration of pretend play with the use of AR. The nature of AR can facilitate children with ASD to focus and carry on with pretend play actions, since it is a silence visual technology. It must be noted though that further improvements are needed for generalizing these results beyond the exploratory level. Tobar-Muñoz, Baldiris and Fabrefat, in 2014, developed an AR-enriched videogame for logical math skills that addresses students with special needs. The game is parted from two mini-games, one for fostering pairing (Raining Gremlins) and one for ordering (The Gremvolution). For the observation scenario, apart from the web version, the team constructed a standalone version with a record system for collecting users' data. The study 4 typically developed students and 16 students with special needs were used as sample, two of them with ASD syndromes (Autism and Asperger syndrome). After dividing them in two groups, typically developed and special needs, and providing them with a printed AR-marker the observation begun. Results indicate that students with special
The application of augmented reality for intervention to people with autism spectrum disorders DOI: 10.9790/0050-04024251 www.iosrjournals.org 48 | Page needs needed more time than the typically developed but on the other hand their scores and performance was similar. Researchers concluded that their application achieves the inclusion of all children into the educational procedure and that since all students achieved their goals they felt motivated in participating (Tobar, Fabregat, & Baldiris, 2014). Also, Almeida da Silva, Fernandes and Grohmann (2015), introduces STAR, an AR application that enables therapist in intervention sessions and assists parents in joining and participating in their child's intervention. STAR allows the creation of activities that are suitable for each individual child, according to the degree of ASD and other parameters. The project uses communication symbol cards, which are already familiar to the child and are enriched with 3D models and animations. For evaluating the application, the research team conducted a study during speech/language training intervention sessions. In the study 4 students with ASD took part aged from 6-10 years old. After 13 sessions, results indicate that students remained focus during the various activities for a longer period of time, managed to complete them correctly, after the first session they asked to make use of the program and finally they acquired new vocabulary. On the other hand though there were issues related to the overall attention of the students and the eye contact frequency which indicate that a balance must be achieved between different types interventions (da Silva, Fernandes, & Grohmann, 2015). 9 Finally, Escobedo and Tentori (2014), in their article presented an 8 week study of MOBIS, an AR application for teachers of students with ASD that enables the digital annotation of information onto physical objects. This augmentation can be scribbles, audio, text or figures. Also MOBIS records students' activities in order to enable teachers to create detailed portfolios without losing their focus, by keeping notes, during therapy. For this study 7 teachers and 14 students were registered as participants. Students were diagnosed with ASD and were between 3 and 7 years old. During the 8 weeks of the program students and teachers participated in three phases: a) pre-deployment of MOBIS were students participated in a standard therapy session, b) deployment of MOBIS were the application was incorporated in the therapy session and c) post-deployment of MOBIS were participants returned to the initial therapy sessions. Data for the evaluation were collected via video recordings and personal interviews with the teachers. Results showed a positive impact of MOBIS on the workload and burden of teachers, since it reduced the time they spend for giving prompts (before: 18.28, after: 17.54), taking notes (before: 00:01:02, after: 00:00:56) and also they were able to teach more than one students per session (Escobedo & Tentori, 2014) . Concluding, MOBIS can be proved a useful application that facilitates teachers during therapy session and improves the efficiency of these therapies. Future research though should be focused in how this application can the generalization of these skills in real conditions. Results from these 5 studies suggest that AR applications may be used effectively in teaching students with ASD different skills and facilitate their teachers by reducing their workload an enabling them to be more focused on their students. However, it is more than clear that research in this field is still in its infancy and further research should be done. Finally, although these articles propose innovative ideas, it is unknown whether they can really lead to the application of the learned skills in everyday life.
V. Recommendations

Program Development
The reviewed articles examined the application of AR technology to intervention programs for children with ASD. These programs used AR for introducing various fields like social skills, emotion recognition, pretend play, self-awareness etc. to students with ASD. They varied in the application, delivery and instructional concept, but on the other hand they all included the use of technology tools like computers, handheld devices, cameras and other features that can attract the interest of children suffering from ASD syndromes during therapy sessions (Escobedo et al., 2012; Rayner, Denholm, & Sigafoos, 2009). Future research related to the development of AR applications should work on finding ways of motivating students. One way of achieving these results is by making technological tools adaptable to students, since at the moment students are called to adapt themselves to each method and tool. AR is a technology that enables this process, something very important, since people with ASD need intervention programs that can be transformed according to their needs. Programs and applications presented a different level of support and/or feedback that they provided to users and their therapists. Also, usually users require different levels and types of feedback according to their condition, age and the type of skills they intend to practice. All the presented programs and applications included some level of support for users, like feedback, but this reinforcement was different for each case, according to the targeted goals. The development of future programs with AR technology should try to incorporate more techniques for teaching children with ASD rather than reinforcement and feedback (Wainer & Ingersoll, 2011 ), like Floortime, or Difference Relationship Model (DIR) where the teacher helps the child by meeting him at his developmental level and building on his strengths, usually during play time (ICDL). Also, another technique is to let the children "feel" by using their sense of touch. This sense is the most important, especially for nonverbal children, and if used properly it can help them I acquiring language and improve their communication (Grandin, 2002) . 10 Another aspect of the programs' development that should be discussed is the exclusive use of computers for teaching students. Most of the applications used only computers for achieving their goals,
The application of augmented reality for intervention to people with autism spectrum disorders DOI: 10.9790/0050-04024251 www.iosrjournals.org 49 | Page while only few of them incorporated external material, like books and physical objects. Also, for concepts were physical contact is needed (e.g. social skills practice) only one of the examined programs required interaction with others. Researchers should consider the nature of the skills that each application addresses in order to decide the utilization of physical objects or other people for improving the efficiency of the intervention. For people with ASD, for example, the sense of touch is something really important and by using only equipment that mainly targets the sense of hearing or seeing a great limit is created. Physical objects play a really important role in special education and that should not be forgotten when someone creates applications for intervention (Grandin, 2002) . Technological tools, like AR, can be used along with other features in order to achieve the best results (Da Silva et al., 2015) . Finally, all the presented programs were created for teaching skills related to social behaviors, apart from few programs that were created for enabling teachers to reduce their workload (e.g. keeping notes during sessions) and get more focused to the child/children, helping parents in joining intervention sessions or teaching math skills. It is clear that the enhancement of such skills is important, especially for people that have been diagnosed with a disorder that causes issues in communication ability, but the development of other abilities (e.g. language skills, self-advocacy) is also necessary too.
Program Evaluation
After reviewing the applications that use AR for intervention in several concepts for children with ASD, it can be proposed that AR programs can potentially teach skills to a number of people with ASD. Nevertheless, data obtained from these studies cannot still be used for consolidating this standpoint, since researches are limited in the number of participants. The majority of the articles presented in this paper contained small scale studies that do not examine deeply the usability of the applications. Also, all articles presented results that show positive feedback related the programs, both from parents and children. All the abovementioned reasons make it extremely difficult to formulate solid results related to the use of such programs. Some of the limitations that were discovered to all studies are the small sample sizes that varied from 0 to 27 participants and the homogeneity in participants' age and diagnosis. Theses can lead to doubts related to the adoption and the expansion of the results to other groups. It is essential that future studies make use of more participants for generalizing the effectiveness of the applications in order to have a global impact. Also, the type of disability of each participant is something that researchers should take in to account when designing applications in the future, since as each person has different abilities and skills, people with ASD present different characteristics. This is why future applications should give the ability to therapists to adjust the program according the needs of each student. Concluding, studying the application of a technology like AR to the therapy sessions of individuals with ASD is something that should be treated with care. AR is a new technology that has not yet been implemented in classic education, hence it can be difficult to examine its effectiveness in special education. Intervention programs that use AR should not be examined only for the effectiveness of the technology itself, but for the effectiveness of the intervention methods along with AR. Future research should keep in mind that applications are effective only if both technology and intervention methods are used properly and this is why they both should be examined separately and combined. Only then results will be valid and real steps towards the improvement of everyday life of people with ASD will be made.
Further Research
After examining the abovementioned articles and finding the gaps that exist in the research field, there are a few issues that emerge and will be the focus of future research efforts of our team. These issues are:
hods like feedback, reinforcement, DIR model etc. and will be based on models that are suitable for students with ASD (eg. ΑΒΑ -Lovaas, TEACCH, PECS, DIR/Floortime etc.).
to users' needs, providing a greater degree of personalization.
ASD for drawing conclusions about its effectiveness.
VI. Conclusions
In this paper a literature review was conducted. In total 10 articles, related to the use of AR for intervention to people with ASD syndromes, were assessed and divided in 3 categories according to their content. These categories were: social skills, emotion recognition and other fields. We analyzed the purposes, limitations and effectiveness of AR in intervention sessions. Also, the quality and results of the evaluation methods were analyzed (research method, sample etc). A short summary of the main findings is presented below.
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-based AR is dominant since it is cheaper and also easier for therapists to handle since location-based AR mostly requires exploration of the external environment, something that can be noted as inconvenient while teaching students with ASD.
-27 participants) that do not allow the globalization of results, some applications were not tested with children that have ASD and of course the small number of studies.
Future research should focus on examining in more detail whether applying AR in intervention of people with ASD is something beneficial and also to document this theory with extended research for clarifying which aspects are the most efficient and helpful and which method may lead to better results. The use of AR, a new and innovative technology, in therapy of children with ASD can be seen as an effective, yet immature method. After considering the fact that the application of AR in the education of typically developed children is still in its infancy, it is expected that the amount of research articles for its application to intervention programs for ASD is small. For all that, future research and also education systems and health agencies should become more effective and ethical awareness towards social groups that require special treatment.
